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Abstract 

Background: Tumor necrosis factor-a (TNF-a) is one of the most typical pro-inflammatory cytokines with both 
beneficial and destructive properties for the central nervous system. Increasing evidences have demonstrated the 
important role of TNF-a in the development of ischemic stroke, but studies examining the possible association with 
stroke or direct functional effects of polymorphisms in TNF-a have been contradictory. 

Findings: In this study, a 2-kb length of the proximal promoter of the TNF-a was screened and four polymorphisms 
were investigated in the case-control study. Our data confirmed the association between -308G/A variant with 
stroke in 1,388 stroke patients and 1,027 controls and replicated in an independent population of 961 stroke 
patients and 821 controls (odds ratio (OR) = 1.34, 95% confidence interval (CI) =1.02 to 1.77 and OR = 1.56, 95% 
Q = 1.09 to 2.23, respectively). To reconcile the association between polymorphisms and stroke and to give a 
comprehensive picture of the genetic architecture of this important gene, we performed a meta-analysis of 15 
published studies in an Asian population. Our results demonstrated an association between rsl 800629 and ischemic 
stroke (OR= 1.43, 95% Q= 1.21 to 1.69). Another meta-analysis results of 14 studies demonstrated that ischemic 
stroke patients have higher serum TNF-a level than the control subjects (standardized mean difference (SMD) = 2.33, 
95% CI = 1.85 to 2.81). In vitro evaluation of potential interaction between variants of the TNF-a gene (-308G/A, 
-857C/T, and -1031T/C) demonstrated that these three polymorphisms could interact together to determine the 
overall activity of the TNF-a gene. 

Conclusions: These findings strongly implicate the involvement of TNF-a in the pathogenesis of stroke. 
Keywords: Tumor necrosis factor alpha (TNF-a), Genetics, Cardiovascular risk factors, Function study 



Introduction 

Inflammation has important roles in the development 
and rupture of atherosclerotic lesions leading to cardio- 
vascular disease events [1]. The studies have shown that 
cerebral ischemia and inflammation are closely inter- 
related: ischemia is a robust stimulus for the potential 
damaging inflammation, while infection as well as its 
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associated inflammation is an important risk factor for 
ischemic stroke [2,3]. Furthermore, recent studies have 
shown that the genetic variation in tumor necrosis factor-a 
(TNF-a), IL-6, and other pro-inflammatory cytokines 
might increase the risk for development of vascular de- 
mentia and lacunar infarction [4,5]. 

TNF-a is one of the most typical pro-inflammatory 
cytokines with both beneficial and destructive properties 
for the central nervous system [6,7]. TNF-a effects on 
lipid metabolism, coagulation, and endothelial function, 
and the increasing release of TNF-a may contribute to the 
odds of ischemic stroke patients [8]. Several functional 
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polymorphisms in the promoter region of the gene coding 
for TNF-a have been studied in different groups res- 
pectively, but these experimental results are inconsistent 
[9-11]. Recently a meta-analysis showed the absence of 
any significant functional association between TNF-a 
production and SNP genotypes or heliotype combina- 
tions of the TNF-a gene promoter in healthy subjects in 
combined analysis of Caucasians and non-Caucasians 
[12]. However, these results may have different effects in 
the white subjects and the Asian population [13], and 
these differences may be representative of gender, social 
background, and geographical variation [14]. 

There is increasing evidence that inflammatory varia- 
bles are associated with atherogenesis and predict risk of 
cardiovascular disease [15]. Several studies have reported 
elevations of pro-inflammatory cytokines in peripheral 
blood [16-18] as well as in cerebrospinal fluid in patients 
with ischemic stroke [19,20]. However, higher circulating 
levels of TNF-a might be expected to be associated with 
increased stroke risks based on experimental evidence 
[21,22], but some epidemiologic evidence is of no signifi- 
cance [14,23]. Thus, it remains uncertain whether the 
polymorphisms of TNF-a promoter play a direct physio- 
logical role in regulating serum TNF-a concentration 
and if the TNF-a gene promoter functional polymor- 
phisms can interact together to determine the overall ac- 
tivity of the TNF-a gene promoter is still not completely 
understood. Besides, if these TNF-a promoter functional 
polymorphisms could potentially contribute to the eti- 
ology of stroke in the Asian population is still needed to 
be illuminated. 

In this study, we investigated the relationship between 
common variants in TNF-a gene and TNF-a level, car- 
diovascular risk factors, and stroke in a large collabora- 
tive analysis of Chinese Han populations, to explore the 
randomized allocation of alleles to better understand the 
nature of the association between TNF-a and stroke. 

Methods 

Study populations 

In the initial study, we investigated the association be- 
tween common variants in TNF-a gene and stroke using 
a case-control cohort that has been described previously 
[24]. In brief, stroke patients (n = 1,388) were recruited 
between November 2004 and January 2009 from five 
hospitals in Wuhan, China, according to the Inter- 
national Classification of Diseases (9th Revision, codes 
430-438). Ethnically and geographically matched con- 
trols (n = 1,027) were randomly recruited from the popu- 
lation by a house-to-house recruitment protocol. All 
control subjects were free of neurological conditions 
and followed the same exclusion criteria as cases. For 
the purpose of replication, we introduced the second 
independent case-control cohort that has been fully 



described elsewhere [24] and comprised 961 stroke 
patients and 821 controls. The diagnostic criteria for 
stroke and the recruited criteria for controls were identical 
to those used in the first study. In addition, there 
were no overlapping participants between these two 
studies. All patients and controls were carefully matched 
by geographic region of recruitment, were of Han 
Chinese ancestry. 

A total of 376 healthy controls (mean age 56 ±12 years; 
145 men) were selected for serum TNF-a concentration 
determination. They were recruited randomly from the 
general population in Dongxi Lake community and all 
the subjects were free of cardiovascular disease. Add- 
itional exclusion criteria were referred to those reported 
previously [10]. All the study protocols were approved by 
the Review Board of the Ministry of Public Health, Mi- 
nistry of Science and Technology of China, and the ethics 
committees at all participating hospitals and informed 
written consents were obtained from all participants. 

Resequencing and genotyping analysis 

A 2-kb length of the human TNF-a gene promoter region 
between -2,000 and +30 base pairs (GenBank Accession: 
NG_007462) were identified by direct sequencing of geno- 
mic DNA derived from 96 randomly selected individuals 
from the control samples. Amplification and primers used 
for genetic variation screening are available in Additional 
file 1: Table SI. Fluorescent dye-terminator cycle sequen- 
cing was performed and products were analyzed with an 
Applied Biosystems 3130x1 capillary sequencer (Applied 
Biosystems Inc., Foster City, CA, USA). The Chromas 
program (Technelysium Pty. Ltd., Helensvale, Queens- 
land, Australia) was used to identify putative polymor- 
phisms that were then confirmed by two independent 
observers. We further confirmed polymorphism positions 
and individual genotypes by reamplifying and resequen- 
cing these loci from the opposite strand. 

An ABI PRISM 7900HT Sequence Detection System 
(Applied Biosystems Inc., Foster City, CA, USA) was used 
for genotyping by TaqMan-based assays. TaqMan probes 
and PCR primers are available from the Additional file 1: 
Table S2. Genotypes were verified by sequencing 50 of 
each genotype for common variants, and all heterozygotes 
and homozygotes for less common variants. All the DNA 
samples for cases and control subjects were run in the 
same batch. 

Serum TNF-a level measurement 

Serum samples were collected after overnight fasting 
and stored at -80°C. TNF-a levels in serum were deter- 
mined in 376 unrelated healthy individuals by OPTEIA 
ELISA kit (BD Biosciences, San Jose, CA), according to 
the manufacturers instructions. All samples were ana- 
lyzed in duplicate and recombinant standards were 
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included on every plate. The arithmetic mean of the 
duplicate samples was considered for analysis. The intra- 
assay coefficient of variation was 1.9 ±0.8% and inter- 
assay variation was 2.7 ± 1.2%. 

DNA constructs 

To study the functionality of the polymorphisms in the 
promoter region of TNF-a, 10 different constructs were 
made. A 1,607 base pairs fragment was amplified by PCR 
from DNA from one individual with no variant in this 
promoter region using Oligonucleotides was as follows: 
forward primer, 5' GGCCAGATCTCGACCAGAGCCC 
CACACG 3'; reverse primer, 5' GGGGAAGCTTGGCT 
GAGGAACAAGCACCG 3'. Oligonucleotides were 
designed with Bglll and GG CC tail at the 5' end of the for- 
ward oligonucleotide and Hindlll and GGGG tail at the 5' 
end of the reverse oligonucleotide. PCR products were 
TA-cloned into pMD® 18-T vector system following the 
manufacturers conditions (Takara Biotechnology, Dalian, 
China). This construct was then served as the template to 
generate other constructs that contains different muta- 
tions in the promoter region. Mutations were generated 
through overlap PCR with specially designed oligonucleo- 
tides. All the promoter fragments were subsequently 
cloned into pGL3 basic vector (Promega, Madison, USA) 
through double digested ligation reaction. These con- 
structs were finally confirmed by sequencing with Applied 
Biosystems 3130x1 capillary sequencer (Applied Biosys- 
tems Inc., Foster City, CA, USA). All the oligonucleotides 
which were used to create the site mutation were listed in 
the Additional file 1: Table S3. 

Transient transfection and luciferase assay in cultured 
HepG2 cells 

The human hepatoblastoma cells (HepG2) were cultured 
in 100 mm dishes in Dulbecco's modified Eagle's medium 
supplemented with 10% fetal calf serum (FCS). 

HepG2 cells in 96-well format (4 x 10 4 cells/well) were 
transiently transfected with 20 ng of the appropriate plas- 
mids or control vector, 1 ng of pRL-TK co-transfector, 
and 0.5 \iL of Lipofectamine 2000 (Invitrogen, Carlsbad, 
CA, USA), and the cells were lysed 48 h after transfection. 
Luciferase activity was assayed using the Dual-Luciferase® 
Reporter (DLR™) Assay System (TM040, Promega, 
Madison, WI, USA). Firefly luciferase expression levels 
were adjusted with reference to Renilla luciferase acti- 
vity. Three independent experiments were performed 
for each reporter. 

Statistical analyses 

The distributions of quantitative variables were tested 
for normality by use of a 1 -sample Kolmogorov-Smirnov 
test. A x 2 test was used to test for qualitative variables, 
genotype/allele frequencies, and for the Hardy- Weinberg 



equilibrium (HWE) of the variant. Differences of quanti- 
tative variables between groups were analyzed using the 
Students t-test. Logistic regression models were per- 
formed to estimate ORs and 95% CI for the association 
between genotypes and stroke. The Bonferroni correc- 
tion method was applied for correction for multiple 
testing. 

Because observed TNF-a level was not normally distri- 
buted, to test for association between the polymorphisms 
within TNF-a gene and TNF-a level, statistical signifi- 
cance was calculated using the Mann- Whitney U test for 
non-parametric variables. Due to the small number of 
individuals homozygous for the less frequent allele, 
homozygotes have been pooled with the corresponding 
heterozygotes for the statistical analysis. 

We divided the distributions of the TNF-a level among 
control subjects into three quartiles: Ql (n = 125) repre- 
sents the lower quartile, Q2 (n = 125) represents the 
moderate quartile, and Q3 (n = 126) represents the 
higher quartile. For the TNF-a promoter variant, serum 
TNF-a level, and traditional cardiovascular risk factor 
including age, sex, BMI, blood pressure, total cholesterol, 
and HDL cholesterol, unadjusted mean values of tra- 
ditional cardiovascular risk factor with their respective 
standard deviations were obtained for each genotype. 
Mean differences in the traditional cardiovascular risk 
factor for each genotype and quartile were calculated. 

One-way ANOVA was used to compare the relative 
luciferase activities of the different polymorphisms of 
TNF-a promoter. All statistics was performed with the 
SPSS 13.0 package (SPSS Inc., Chicago, IL, USA). A 
value of P <0.05 was taken as significant (two-tailed). 

Meta-analysis 

The publications included in the analysis were selected 
from PubMed, Google Scholar, and from www.cnki.net/ 
index.htm with the keywords 'tumor necrosis factor 
alpha or TNF-a', stroke', 'TNF-a level and stroke', 'TNF-a 
polymorphism and stroke', cytokine polymorphism and 
stroke', 'inflammatory factor', and the specific names and 
abbreviations of each gene. The analyzed data cover all 
English and Chinese publications from April 2000 to 
March 2012. 

Meta-analysis was carried out using the Stata software 
10.0 (STATA Corp, College Station, TX, USA) and the Q 
statistic was calculated to test for heterogeneity followed 
by calculation of I 2 (percentage of effect size attributable 
to heterogeneity) [25]. Results from allele-based dominant 
model logistic regression analyses in individual studies of 
rsl 800629 were meta- analyzed using a conservative 
random-effects pooling method (DerSimonian-Laird). A 
pooled SMD, together with 95% CI, was used for this 
meta-analysis. The SMD was chosen because the blood 
lipids were measured using different scanners [26]. The 
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random-effects model was also used for this SMD 
meta-analysis. Beggs funnel plots and Egger s linear re- 
gression [27] were used to assess evidence for publica- 
tion bias. Considering a wide variety of study designs 
among selected studies, sensitivity analyses were con- 
ducted as well. 

Results 

Localization and frequencies 

In this study, the region from +30 to -2000 base pairs of 
the human TNF-a gene promoter has been analyzed by 
direct DNA sequencing. A total of eight polymorphisms 
located at positions -308, -238, -857, -863, -986, -1031, 
-1376, and -1671 were identified in the Chinese Han 
population. All polymorphisms were in Hardy- Weinberg 
equilibrium in our sample. The distribution of the geno- 
types and the relative allele frequencies is shown in 
Additional file 1: Table S4. The TNF-a promoter 
sequenced variants spanned the range of allele frequencies 
from rare (minor allele frequency [MAF] <0.01) to com- 
mon (MAF >0.02) variants. Of the eight variants, we 
found one novel and rare variant -1376T/C. Moreover, 
rsl 800630 polymorphism was in strong linkage disequili- 
brium (LD) with rsl799964. However, all other promoter 
polymorphisms analyzed in this study were not in signifi- 
cant LD with one another (Additional file 1: Figure SI). 

Association between variants at the promoter of TNF-a 
locus, cardiovascular risk factors, and stroke 

Of the eight variants, four polymorphisms which minor 
allele frequencies (MAF >0.02) were selected for geno- 
typing in the case- control study. The frequencies of 
these four tested variants did not deviate significantly 
from the HWE in cases and control subjects (all P 
>0.05). Two single nucleotide polymorphisms (SNPs) 
(rsl 800629 and rsl 799964) were significantly associated 
with increased risk of stroke in the first study indepen- 
dent of traditional cardiovascular risk factors in domi- 
nant models (OR = 1.34, 95% CI = 1.02 to 1.77, and 
OR = 1.25, 95% CI = 1.04 to 1.49, respectively). The sig- 
nificant genetic associations were observed under domi- 
nant genetic model in the second study for the SNP 
rsl800629 (adjusted OR = 1.56, 95% CI = 1.09 to 2.23), but 
this was not replicated for rsl799964 (adjusted OR= 1.02, 
95% CI = 0.79 to 1.33) (Table 1). Because of the contro- 
versy results between rsl 800629 and ischemic stroke in 
different ethnic communities [13], a meta-analysis was 
conducted in the Asian population. The characteristics of all 
participants from 13 studies are listed in Additional file 1: 
Table S5. A total of 15 studies including our two studies 
involving 14,959 individuals (7,106 cases and 7,853 control 
subjects) were analyzed in the next meta-analysis and our 
results demonstrated an association between rsl 800629 
and ischemic stroke (OR = 1.43, 95% CI = 1.21 to 1.69) 



under random effects model (Figure 1). The test of hetero- 
geneity was significant (I 2 = 51.9%, P = 0.01). No publica- 
tion bias was found by using asymmetry analysis in the 
funnel plot (Additional file 1: Figure S2A), by Egger s test 
(P = 0.698). Sensitivity analyses showed that the pooled ef- 
fect estimates were positive in spite of omitting any one of 
selected studies, which indicated that there was no signifi- 
cant trend that the overall result was influenced by any in- 
dividual study (Additional file 1: Figure S3 A). 

We also investigated the association between SNP 
rsl 800629 which with the largest effect on stroke in the 
meta-analysis with traditional cardiovascular risk factors. 
We observed no effect of the rsl 800629 variant on any 
of the traditional cardiovascular risk factors (Figure 2). 

TNF-a variants and TNF-a levels 

The relationship between TNF-a promoter polymor- 
phisms and its serum concentration was analyzed subse- 
quently in 376 unrelated individuals. As shown in 
Figure 3, the genotype TC and CC of rsl 799964 and GA 
and AA of rsl 800629 are associated with decreased 
serum TNF-a levels (P <0.01 and P <0.05, respectively). 
No association was observed between the other two 
SNPs (rs351525 and rsl799724) and serum TNF-a level 
in our populations. Combined analyses revealed a lower 
serum TNF-a level in subjects with -308G/A, -857C/T, 
and -1031T/C combination carriers than those with wild 
type (P <0.05) (Additional file 1: Figure S4). A similar 
trend was also observed in other combinations of TNF- 
a polymorphisms but this trend was no significant in 
our study. 

TNF-a level, cardiovascular risk factors, and risk of stroke 

We analyzed the relationship between TNF-a level in 
serum and patients with acute ischemic stroke in Chinese 
Han population. The patients consecutively admitted 
first-ever ischemic stroke within the first 24 h from onset 
were included in our meta-analysis. Details of patients' 
characteristics included in our meta-analysis are cov- 
ered in Additional file 1: Table S6. Meta-analysis results 
(Figure 4) of 14 studies (671 cases and 534 control sub- 
jects) demonstrated that ischemic stroke patients have 
higher serum TNF-a level than the control subjects 
(SMD = 2.33, 95% CI 1.85 to 2.81), although significant 
heterogeneity was present (I 2 =0.9, P heterogeneity < 0.0001). 
The Egger s test and Beggs funnel plot were applied for 
comparison to assess the publication bias of the litera- 
tures, and a possibility of publication bias for this test was 
observed (P = 0.001) (Additional file 1: Figure S2B). Sensi- 
tivity analyses indicated that there was also no significant 
trend that the overall result was influenced by any indivi- 
dual study (Additional file 1: Figure S3B). 

Next, we assessed the association between serum TNF-a 
level and traditional cardiovascular risk factors. As shown 



Table 1 Association between promoter variants with TNF-a promoter and ischemic stroke 



ID SNP rs ID 


Function 


Population 


MAF 


Pallele 


MM 


Mm 


mm 


Crude 


Crude ORs (95%CI) 


Adjusted 


Adjusted ORs (95% CI) 


(M>m) 










n, (%) 


n, (%) 


n, (%) 


P dominant 


MM vs.Mm + mm(ref) 


P dominant 


MM vs.Mm + mm(ref) 


First study 


1 rs 1799964 
(T>C) 


Promoter 


Control (n= 1,027) 
IS (n = 1,388) 


0.231 
0.201 


0.01 


599 (58.3) 
872 (62.8) 


381 (37.1) 
475 (34.2) 


47 (4.6) 
41 (3.0) 


0.025 


1.21 (1.02-1.42) 


0.015 


1.25 (1.04-1.49) 


2 rs 1800629 
(G > A) 


Promoter 


Control (n= 1,027) 
IS (n= 1,388) 


0.071 
0.055 


0.026 


886 (86.3) 
1,237 (89.1) 


136 (13.2) 
148 (10.7) 


5 (0.5) 
3 (0.2) 


0.034 


1.30 (1.02-1.67) 


0.038 


1.34 (1.02-1.77) 


3 rsl 799724 
(C>^ 


Promoter 


Control (n= 1,027) 
IS (n = 1,388) 


0.173 
0.181 


0.45 


700 (68.2) 
907 (65.3) 


299 (29.1) 
459 (33.1) 


28 (2.7) 
22 (1.6) 


0.15 


0.88 (0.74-1.05) 


0.81 


0.98 (0.81-1.18) 


4 rs361525 
(A > G) 


Promoter 


Control (n= 1,027) 
IS (n= 1,388) 


0.03 
0.029 


0.781 


968 (94.3) 
1,309(94.3) 


56 (5.5) 
78 (5.6) 


3 (0.2) 
1 (0.1) 


0.96 


1.01 (0.71-1.43) 


0.103 


1.41 (0.93-2.13) 


Second study 


1 rs 1799964 
(T>C) 


Promoter 


Control (n = 821) 
IS (n = 961) 


0.176 
0.177 


0.912 


557 (67.8) 
650 (67.6) 


239 (29.1) 
281 (29.2) 


25 (3.1) 
30 (3.2) 


0.96 


0.99 (0.81-1.21) 


0.87 


1.02 (0.79-1.33) 


2 rs 1800629 
(G > A) 


Promoter 


Control (n = 821) 
IS (n = 961) 


0.07 
0.05 


0.011 


710 (86.5) 
868 (90.3) 


107 (13) 
90 (9.4) 


4 (0.5) 
3 (0.3) 


0.011 


1.46 (1.09-1.96) 


0.016 


1.56 (1.09-2.23) 


3 rsl 799724 
(C>^ 


Promoter 


Control (n = 821) 
IS (n = 961) 


0.196 
0.187 


0.506 


529 (64.4) 
642 (66.8) 


262 (31.9) 
278 (28.9) 


30 (3.7) 
41 (4.3) 


0.29 


1.11 (0.91-1.35) 


0.052 


0.79 (0.62-1.00) 


4 rs361525 
(A > G) 


Promoter 


Control (n = 821) 
IS (n = 961) 


0.037 
0.037 


0.974 


761 (92.7) 
890 (92.6) 


59 (7.2) 
71 (7.4) 


1 (0.1) 
0(0) 


0.95 


0.99 (0.69-1.41) 


0.22 


0.74 (0.46-1.19) 



IS, ischemic stroke; M, major allele; m, minor allele; MAF, minor allele frequency. 

Paiieie value of allele and Crude odds ratio (95% confidence interval) were determined by a 95% two-sided x 2 test, IS versus controls. 

Pdominant value and adjusted odds ratio (95% confidence interval) were computed with multivariate unconditional logistic regression analysis by adjusting for gender, age, body mass index, hypertension, diabetes, 
hyperlipidemia, and smoking status. 
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Study 
Lee et al 

Urn and Kim et al 
Bo et al 

Ok Joon Kim et al 
Ma et al 
Tong et al 
Tong et al 
Li et al 

Jae-Younq Urn et al 
Jae-Young Urn et al 
Karahan et al 
Sultana S et al 
Wang et al 
Our study (the first) 



Cases/Control 

152/165 
366/610 
42/31 
237/216 
1122/1123 
648/648 
100/100 
97/141 
294/581 
212/610 
86/83 
238/226 
1163/1471 
1388/1027 



OR (95% CI) 



Weight (%) 



Our study (the second) 961/821 
Overall (l-squared = 51.9%. p = 0.010) 



O 



2.09 (1.04, 4.22) 


4.15 


1.57 (1.07, 2.32) 


8.45 


0.96 (0.27, 3.37) 


1.59 


1.77 (0.93, 3.36) 


4.73 


1.10 (0.86, 1.42) 


11.46 


2.04 (1.42, 2.91) 


9.06 


- 4.93 (2.13, 11.41) 


3.16 


1.01 (0.35. 2.92) 


2.15 


1.59 (1.04, 2.42) 


7.80 


1.48 (0.93, 2.37) 


7.00 


0.47 (0.19, 1.16) 


2.78 


1.37 (0.64. 2.94) 


3.67 


1.10 (0.86,1.39) 


11.82 


1.30 (1.02, 1.67) 


11.66 


1.46 (1.09. 1.95) 


10.53 


1.43 (1.21.1.69) 


100.00 



— I — 

11.4 



Figure 1 Meta-analysis of rsl 800629 and ischemic stroke association in Asian populations. Gray squares indicate the OR, with the size of 
the square inversely proportional to its variance, and horizontal lines represent 95%Cls. The pooled results are indicated by the unshaded black 
diamond. All studies were conducted under a random-effects model. 



Age (years) 
(n=1849) 



BMI (kg/m 2 ) 
(n=1849) 



Systolic BP (mm Hg) 
(n=1849) 



G1 



G2 



G3 



Reference 



0.64 (-0.58.1.87) 



G1 



G2 



I 1 0.36 (-5.39, 6.11) G3 H 



Reference 



0.29 (-0.19. 0.78) 



G1 



G2 



■+ 1 1.36 (-0.93. 3.64) 



G3 I 



— i 

<6 



Reference 



H 0.28 (-3.04, 3.59) 



H -7.61 (-23.54, 8.33) 



Diastolic BP (mm Hg) 
(n=1849) 



G1 



G2 



G3 



Reference 



0.068 (-1.45. 1.58) 



-3.51 (-10.59. 3.56) 



Total-cholesterol (mmol/L) 
(n=1027) 



G1 



G2 



G3 



Reference 



0.17 (-0.19, 0.54) 



• 1 0.30 (-2.15, 2.74) 



HDL (mmol/L) 
(n=1027) 



G1 



G2 



G3 l fr 



Reference 



-0.04 (-0.12. 0.05) 



H -0.11 (-0.63, 0.42) 



Figure 2 Mean difference (95%CI) in cardiovascular traits by rsl 800629 genotype. BMI, body mass index; BP, blood pressure; G1, 
Homozygous common-allele; G2, Heterozygous; G3, Homozygous rare-allele. 



Cui et al. Journal of Neuroinflammation 2012, 9:235 
http://www.jneuroinflammation.eom/content/9/1/235 



Page 7 of 1 1 



30- 



E 20- 



z 10- 



i 

JL 



30 n 



£ 20- 

D) 



10- 



_x_ 



I 

JL 



GG 
(n = 279) 

rs1 800629 (-308G/A) 



GA+AA 
(n = 97) 



30- 

_i 

E 20- 

D) 
CL 

a 



X 



JL 



10- 



10- 



TT 
(n=168) 



TC+CC 
(n=208) 



rs1 799964 (-1031T/C) 



30 n 



E 20- 
m 



JL 



JL 



AA 
(n=358) 



AG+GG 
(n=18) 



CC 

(n = 84) 



CT+TT 
(n=292) 



rs361 525 (-238A/G) rs1 799724 (-857C/T) 

Figure 3 Genetic variants of TNF-a promoter in relation to serum TNF-a level. The data are presented as mean±SEM. *P <0.05, *P <0.01. 



in Figure 5, we can see the age, BMI, and total cholesterol 
were higher by quartiles of increasing TNF-a level The 
similar trend for blood pressure was only found in Ql and 



Q2. Conversely, there was an inverse association between 
quartiles of serum TNF-a level and HDL cholesterol How- 
ever, this trend was not statistically significant. 
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Effects of polymorphisms on in vitro activity of the TNF-a 
promoter and interact function study 

To test whether the polymorphisms in the TNF-a pro- 
moter region were functionally important for the regula- 
tion of TNF-a transcription, we performed functional 
analyses comparing the activities of four SNPs (MAF> 
0.02) -308G/A, -238A/G, -857C/T, -1031T/C, and a 
novel SNP -1376T/C alleles in HepG2 cells. The -863C/ 
A was in strong LD with -1031T/C and was not applied 



for the further functional analysis. As shown in Figure 6, 
reporter gene expression for the -857T, -1031C, -1376C 
allele was significantly reduced compared to the wild type 
allele (P <0.0001, P <0.05, and P <0.0001, respectively). 

Given the frequency of the polymorphism and to test 
whether these common SNPs (MAF >0.05) may act co- 
operatively, another four constructs were made for tran- 
sient transfection, including -308G/A / -857C/T, -308G/A / 
-1031T/C, -857C/T / -1031T/C, -308G/A / -857C/T / 



-308G/A/-857C/T/-1031T/C 
-308G/A/-1031T/C 
-857C/T/-1031T/C 
-308G/A/-857C/T 
-1376T/C 
-1031T/C 
-857C/T 
-308G/A 
-238A/G 
WT 



TNFa promoter activity (Relative LUC (SEM)) 

Figure 6 Expression studies of TNF-a promoter constructs carrying -238A/G, -308G/A, -857C/T, -1031T/C, and -1376T/C and potential 
interact together between -308G/A, -857C/T, and -1031T/C polymorphisms. TNF-a promoter activity is expressed as fold increase of RLU 
relative to pGL3 basic. Mutant construct compared to the wild-type construct for each comparison. Values are mean±SE of three independent 
experiments each corresponding to at least five replicates. 
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- 1031 TV C We found that the relative luciferase activity of 
the rare allele combination -308G/A / -1031T/C, -857C/T / 
-1031T/C, -308G/A / -857C/T / -1031T/C were signifi- 
cantly lower compared to wild-type ones (P <0.05, P <0.05, 
P <0.05, respectively) (Figure 6), which suggest that the 
functional polymorphisms may act in a cooperative man- 
ner of interact together to determine the overall activity of 
the TNF-a gene promoter. 

Discussion 

The present systematic study examined the polymor- 
phism of TNF-a gene promoter, circulating TNF-a levels, 
and traditional cardiovascular risk factor for ischemic 
stroke in the Chinese Han population. Our findings show 
that the polymorphisms of TNF-a promoter may func- 
tion as an important risk factor for ischemic stroke and 
our meta-analysis data confirmed that patients with acute 
ischemic stroke compared to controls without stroke 
have significantly higher median serum levels of TNF-a. 
TNF-a level was also positively associated with some 
established traditional cardiovascular risk factors, age, 
BMI, total cholesterol, blood pressure, and inversely with 
HDL in our study. Additional functional analyses showed 
that variants in TNF-a gene promoter region may inter- 
act together to determine the overall activity of the TNF- 
a gene promoter. The flow chart illustrating our study 
process was shown in Additional file 1: Figure S5. 

SNPs at the promoter region of the TNF-a gene have 
been commonly studied. Resequencing of 96 unrelated 
Chinese Han individuals revealed high linkage disequi- 
librium between the -863 C/A and the -1031T/C and 
no other SNPs have any significant LD with each other. 
But complete allelic associations were observed between 
the -238G/A and the -1031T/C, and between the -863 
C/A and the -1031T/C in Europeans [10]. The partial 
LD was also observed between the TNF-a -1031T/C and 
TNF-a -863C/A polymorphisms (D' =0.75) in an Indian 
population and the similar results were also found be- 
tween -308G/A and -1031T/C and -308G/A and -863C/ 
A in this study (D' = 0.74 and D' =0.73, respectively) 
[28]. In addition, five polymorphisms (-308G/A, -238G/ 
A, -857C/T, -863C/A, -1031T/C) located in the human 
TNF-a gene promoter have been identified and the allele 
frequencies of these polymorphisms observed in this 
study in a Chinese Han population are quite distinct 
from those reported by Skoog et al in a European popu- 
lation [10]. The different allelic frequency and partial LD 
may be due to the differences in the genetic back- 
grounds and these differences also indicated that these 
polymorphisms of TNF-a promoter may act on different 
function in different ethnic group. 

In our next case-control study and meta-analysis, we 
confirmed the significant association between TNF-a 
promoter variant -308G/A and stroke in the Asian 



population. Recently, several GWASs for stroke have 
been reported [29-34], but most of these study popula- 
tions were of European origin and they did not detect 
the association of rs 1800629 in TNF-a with stroke. In- 
deed, the similar negative results were obtained from the 
European populations reported by Freilinger et al [35]. 
Recently, due to the small sample size in stage 1 of 
GWAS screening (131 cases and 135 controls), the 
GWASs performed in the Japanese population [31] did 
not have sufficient power to observe a positive associa- 
tion. These data imply that the variant rs 1800629 might 
have different effects on stroke (or other biological and 
pathological processes) among different populations; 
however, up to now, no GWASs results for stroke were 
reported in Chinese Han populations. 

Inflammatory processes have increasingly been shown 
to be involved in the pathogenesis of cerebrovascular di- 
seases, including ischemic stroke and cerebral hemorrhage. 
We demonstrate elevated serum TNF-a level was asso- 
ciated with higher risk of ischemic stroke in the Chinese 
Han population. By contrast, the TNF-a was not asso- 
ciated with risk of stroke in a British prospective study 
[14]. Another meta-analysis also confirmed that TNF-a 
was linked to a 1.6-fold increase in ischemic stroke risk in 
adult Asian subjects but had no effect on European ances- 
try [13]. Likewise, we found a weakly association between 
TNF-a level and different genotypes of -308G/A. Indeed, 
we cannot formally exclude the possibility that other func- 
tional SNPs, linked to the -308G/A, may influence the ex- 
pression of TNF-a or other functional SNPs may interact 
together with -308G/A polymorphism to play a different 
role in different pathological processes. On the other 
hand, there was no clear signal for an effect of TNF-a 
gene variant on cardiovascular risk factors but TNF-a 
level itself was correlated with a range of baseline charac- 
ters in our study subjects, and the findings are consistent 
with those of the previous reports in other ethnic groups 
[14,21,36]. However, we can see an inverse correlation be- 
tween Q3 of TNF-a level and blood pressure, and this 
may be due to the smaller cohort size in our study. 

To date, there is no consensus regarding the functional 
significance of TNF gene polymorphisms. A number of 
explanations for this discrepancy have been offered in- 
cluding cell types, stimulants, and reporter gene con- 
structs. Therefore, these polymorphisms may serve as 
markers for additional polymorphisms in the TNF-a 
locus or neighboring genes that may influence disease 
severity or functional activity. In this study, we provided 
additional evidence that limited data reported so far do 
not provide strong evidence in favor of a physiological 
role of -308G/A and -238G/A in the regulation of TNF- 
a promoter activity. We also detected a -1031C allele 
had a significantly reduced luciferase activity compared 
to -1031 T allele which had a strong partial LD with 
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-863C/A polymorphism and the similar results were 
reported by Skoog et al [10]. Specifically, functional 
study indicated a novel mutation -1376T/C identified in 
our study may have a large effect on the TNF-a pro- 
moter activity. However, this rare mutation need to be 
verified in a larger population and assayed in other ethic 
subjects. In particular, our results show, for the first 
time, the polymorphisms of TNF-a promoter may act in 
a cooperative manner of interact together to determine 
the overall activity of the TNF-a gene promoter. There- 
fore, the new potential transcription factor and regula- 
tion mechanism needed to be elucidated in the future. 

Our conclusions must be interpreted in the context of 
important potential limitations of our study. Not all va- 
riants at the TNF-a gene were assessed in this study. 
Complete sequencing will be necessary for systematic 
identification of potentially causative mutations in TNF-a 
whole gene function region. Another limitation of the 
present study is the relatively small sample size used for 
TNF-a level analysis, which may give rise to false associa- 
tions by chance (type one error), or may fail to detect true 
differences. Serum TNF-a levels are affected by multiple 
environmental, genetic factors and their interactions. Al- 
though we have observed the effects of several metabolism 
characters and SNP in TNF-a on serum levels in this 
study, there are still many other correlative environmental 
and genetic factors need to be determined. Our meta- 
analysis results must be viewed with careful because of 
potential biases. Perhaps because positive results have a 
better chance of being accepted for publication than small 
studies with non-significant or negative findings. There- 
fore, conclusions based on these published work might be 
misleading [37]. Finally, it is important to confirm these 
findings in prospective cohort studies both in Chinese 
Han populations and other ethnic groups. 

To conclude, this may be the first systematic and com- 
prehensive analysis of TNF-a and stroke especially in an 
Asian population. Our results strongly support the in- 
volvement of TNF-a in the pathogenesis of stroke, and 
may have potentially important scientific, clinical, and 
public health implications. 
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